The purpose of this study was to elucidate the relationship between the mismatch of thallium-201(Tl) and iodine-123-beta-methyl-iodophenyl-pentadecanoic acid (BMIPP) myocardial single-photon emission computed tomography (SPECT) and autonomic nervous system activity in myocardial infarction (MI) patients. The subjects were 40 patients (34 males, 6 females) who underwent examinations by 123 I-BMIPP and 201 Tl myocardial SPECT imaging and 24-hour Holter monitoring within a 3-day period 3 weeks after the onset of their first MI. R-R intervals were analyzed every hour over a period of 24 hours by fast Fourier transformation (FFT). High frequency (HF) and low frequency (LF) were defined as markers of cardiac vagal activity in the former and the LF/HF ratio as sympathetic activity. Greater or more extensive decreases in the BMIPP image than that in the Tl image were defined as a positive mismatch. Patients were divided into positive and negative mismatch groups of 20 patients each.
signs of residual ischemia in the negative mismatch group and those without signs of residual ischemia in the positive and negative mismatch group with regard to the mean values of HF and the LF/HF ratio measured every hour for 24 hours and 5 hours.
It is concluded from the present study that the findings of a mismatch on 123 I-BMIPP and 201 Tl myocardial SPECT 3 weeks after a first acute myocardial infarction with uncomplicated moderate or severe heart failure and decreased heart rate variability are related to residual myocardial ischemia. A combined assessment of heart rate variability in 24-hour Holter ECG monitoring and perfusion-metabolism mismatch in 123 I- BMIPP and 201 Tl myocardial SPECT is useful for determining residual myocardial ischemia in the followup of those with acute myocardial infarction. (Int Heart J 2006; 47: 193-207) Key words: Myocardial viability, Myocardial ischemia, Heart rate variability, Low frequency, High frequency, Circadian rhythm IT is known that the early recanalization of an infarct-related artery is important for reducing infarct size and preserving left ventricular function, and also that it helps to improve prognosis. 1) Meanwhile, it has been reported that dobutamine stress echocardiography, stress myocardial scintigraphy, and autonomic function tests are available for predicting the prognosis of myocardial infarction patients. [2] [3] [4] [5] [6] Heart rate variability expressed as an indirect autonomic assessment provides useful information concerning the short-term and long-term prognoses of episodes of myocardial infarction. [4] [5] [6] On the other hand, it has become possible to assess myocardial ischemia from the perspective not only of myocardial blood flow but also of fatty acid metabolism, by performing myocardial single photon emission computed tomography (SPECT) with 123 I-BMIPP (beta-methyl-iodophenyl-pentadecanoic acid), which reflects fatty acid metabolism, and 201 Tl, which reflects myocardial blood flow, simultaneously in myocardial infarction patients. 7) Therefore, mismatch sites imaged by 123 I- BMIPP and 201 Tl myocardial SPECT are clinically useful for the evaluation of myocardial viability as well as of residual myocardium that is in an ischemic state. 7) The purpose of the present study was to clarify whether a mismatch by 123 I- BMIPP and 201 Tl myocardial SPECT was closely related to autonomic function impairment in patients experiencing their first acute myocardial infarction.
METHODS
Forty patients (34 males, 6 females, mean age, 58.9 ± 12.5 years) who were admitted to the Department of Internal Medicine at Nippon Medical School Tama-Nagayama Hospital between April 1997 and December 1999 due to their  first acute myocardial infarction and who underwent  123 I-BMIPP and   201   Tl myo-Vol 47  No 2 cardial SPECT in the third week after onset of the infarction and Holter monitoring within 3 days of the myocardial dual SPECT were included in the present study.
A diagnosis of a first myocardial infarction was made based on one or more of the following; the awareness of continuous anginal pain, ST-segment elevation or the appearance of q or Q waves in an electrocardiogram (ECG), elevated serum levels of myocardial enzymes, or positive troponin T. Diagnoses were also made using previous ECGs for patients who had visited our hospital and ECGs from medical examinations. The infarction site was the anterior wall in 3 cases, the anteroseptal wall in 12, the lateral wall in 3, the inferior wall in 13, the inferolateral wall in 3, and the inferoposterior wall in 6.
Exclusion criteria included chronic atrial fibrillation, sinus node dysfunction, frequent premature ventricular or atrial contractions, second or third degree atrioventricular block, pacemaker stimulation, an unrelated disease limiting survival, psychological illness, need for psychotropic treatment, and heart failure greater than or equal to class II according to the New York Heart Association.
Coronary arteriography (CAG) was performed in 38 patients during hospitalization, but was not performed in 2 patients. A significant coronary artery stenosis lesion was defined as a luminal diameter of 75% or more.
The myocardial SPECT method consisted of 201 Tl (Daiichi Radioisotope Labs., Ltd., Tokyo, Japan) 111 MBq and 123 I-BMIPP (Nippon Mediphysics Co., Ltd. Nishinomiya, Japan) 111 MBq. Both radioisotopes (RI) were simultaneously injected into the right median cubital vein and the patient rested quietly in the supine position for 15 minutes after injection. Data were obtained using a PRISM-2000XT equipped with a low-energy, high-resolution collimator (Shimadzu Corp., Kyoto, Japan) and reconstructed using an Odyssey VP (Shimadzu Corp.). The energy discriminators were set at 70 keV with a 30% window for 201 Tl and 159 keV with a 15% window for 123 I-BMIPP. The matrix size was 64 × 64 and the collection time expansion rate was 1.6. The image direction was 36 steps/180 degrees with step and shoot, and the collection time was set at 50 seconds per step.
A bull's eye image was prepared from the 123 I- BMIPP and 201 Tl data collected under these conditions. The bull's eye image for the analysis was divided into 5 areas; the anterior, anteroseptal, inferior, and lateral walls, and the apex, and the anterior, anteroseptal, inferior, and lateral walls were further subdivided into proximal and distal areas for a total of 9 areas. The uptake of both nuclear types of RI into each area was classified and visually assessed as being in one of 4 categories: 0, normal uptake; 1, slight decrease in uptake; 2, moderate decrease in uptake; and 3, marked decrease in uptake. A decrease of 2 or more grades of the uptake score on the 201 Tl image compared to the 123 I-BMIPP image in 2 or more areas was considered as evidence of a mismatch of perfusion and metabolism as assessed by 2 physicians who were unaware of the coronary arteriographic findings.
An actual example is shown in Figure 1 . Q waves and ST-segment elevation were observed in leads II, III, and aVF on the ECG. In the dual SPECT using 123 I- BMIPP and 201 Tl conducted in week 3, an area of decreased uptake of 123 I-BMIPP compared to 201 Tl was observed in the inferior wall, and the patient was judged to have a positive mismatch.
The lead sites of the Holter ECG recorders (Fukuda Denshi SM-50 and SM-60, Tokyo) were C5-C5R and CM5, and continuous recordings were obtained over a 24-hour period. Using a Holter monitor regenerator (DMW-7000H, Fukuda Denshi), all of the RR intervals recorded on the Holter monitor were transferred to floppy discs online according to a time series. Frequency analysis was performed using fast Fourier transformation (FFT) by analyzing 512 continuous RR intervals every hour over a 24-hour period from among the RR intervals recorded on the floppy discs. Autonomic function was classified as low frequency (LF, 0.05 to 0.15 Hz) or high frequency (HF, 0.15 to 0.40 Hz) using the power spectra obtained by FFT, and HF and the LF/HF ratio were used as indicators of cardiac vagal function and sympathetic function, respectively. For the FFT analysis interval of the 512 RR intervals, shortening of the coupling interval of 30% or more was judged to be extrasystole and thus excluded, and the RR interval was excluded in order to eliminate the influence of the resting phase. In the end 512 RR intervals were analyzed. If there were any inappropriate recordings due to frequent or continuous extrasystoles, or the appearance of paroxysmal atrial fibrillation or baseline fluctuations, the analysis interval was shifted several minutes forwards or backwards so that an interval without any arrhythmia could be used. Echocardiography was performed in the third week after the acute myocardial infarction and the left ventricular ejection fraction (EF, %) was measured. Treadmill testing using the modified Bruce protocol was conducted in the third week after the acute myocardial infarction. The reasons for discontinuing the exercise testing included the development of subjective symptoms such as chest pain, the onset of arrhythmia (frequent ventricular premature contraction or ventricular tachycardia, etc.), significant ST-segment depression, and achievement of the target heart rate. A positive ST-segment depression was considered to be 0.1 mV or greater from the J point in 0.08 seconds. Statistical analysis: Statistical analysis was performed using Statistical Analytical Software (Version 5.1J) and analysis of variance (ANOVA) and multivariate analysis of variance (MANOVA). Data are presented as the mean ± SD. A statistically significant difference was defined as a P value of less than 0.05.
RESULTS

Clinical characteristics:
The clinical characteristics of the patients, classified according to whether or not they had a mismatch on the 123 I- BMIPP and 201 Tl myocardial SPECT, are shown in Table I . There were 20 patients in each group, 
⎫ ⎬ ⎭
and there were no differences between the groups with respect to age, sex, resting heart rate and blood pressure on the day when Holter monitoring was performed, cardiothoracic ratio (CTR), or the incidences of underlying diseases. Although there were more patients with diabetes mellitus and impaired glucose tolerance in the positive mismatch group than in the negative mismatch group (11 patients versus 7 patients, respectively), the difference was not statistically significant. Also, there were no differences between the groups with respect to the infarction site or time required until admission.
Treatment and test findings:
The treatments undertaken during the acute phase and the test findings are shown in Table II . In the positive mismatch group, 7 patients underwent intervention consisting of percutaneous transluminal coronary angioplasty and stenting, 7 underwent thrombolysis only, and 6 had conservative treatment such as heparin or nitrate therapy intravenously. In the negative mismatch group, the corresponding numbers were 13, 2, and 5, so there were slightly fewer procedures in the positive mismatch group than in the negative mismatch group. There was no difference between the groups in the Max CK value, which is an indicator of infarct size, and there was also no difference in the CK-MB values in the 2 groups. No difference between the 2 groups in left ventricular EF obtained by echocardiography at the same time was observed. There was no difference in the frequency of use of medications at the time when these tests between the 2 groups were under way.
As shown in Table III , signs of residual ischemia were observed in 15 patients in the positive mismatch group and in 7 in the negative mismatch group. The incidences of signs of residual ischemia at the time of the study were significantly greater in the positive mismatch group than in the negative mismatch group (P < 0.05). Of the 15 patients with positive results in the positive mismatch group, 11 had significant coronary artery lesions, and of the remaining 4 patients without significant coronary stenosis, 3 had postinfarction angina and 1 had exercise-induced ST-segment depression and anginal pain. On the other hand, of 7 patients with positive results in the negative mismatch group, 5 had significant coronary artery lesions, and of the remaining 2 patients without significant coro- The treadmill tests were terminated at the target heart rate in 12 of 19 negative mismatch group patients and in 6 of 16 positive mismatch group patients. More patients discontinued due to leg fatigue in the positive mismatch group (8 of 16 patients) than in the negative mismatch group (4 of 19 patients). Autonomic function in the 2 groups: The influence of the presence or absence of a mismatch and the test results for autonomic function were compared from midnight to 5 AM, when the patients were resting and quiet, as shown in Figure 2 . 4.0 ± 0.6 (n = 15) 2.6 ± 1.8 (n = 7)
259.7 ± 54.4* (n = 5) 272.5 ± 282. 5 (n = 13)
2.6 ± 0.5* (n = 5) 3.1 ± 2.5 (n = 13) HF indicates high frequency; LF, low frequency; *, P < 0.05 versus positive mismatch group with ischemic signs, **, P < 0.02 versus positive mismatch group with ischemic signs, ***, P < 0.01 versus positive mismatch group with ischemic signs (+). Mean HF measured every hour was 109.2 ± 125.0 msec 2 in the positive mismatch group and 256.3 ± 211.2 msec 2 in the negative mismatch group. The mean value of HF was significantly lower (P < 0.001), and during the same 5-hour period, the mean LF/HF ratio (3.5 ± 3.2 versus 2.6 ± 2.1, P < 0.05) was significantly higher, in the positive mismatch group than in the negative mismatch group. Moreover, as shown in Table IV , mean HF from midnight to 5 AM was significantly lower in patients with signs of residual ischemia than in those without signs of residual ischemia in the positive mismatch group (75.2 ± 37.7 msec 2 versus 259.7 ± 54.4 msec 2 , P < 0.05 ). The mean LF/HF ratio for nighttime was significantly higher in patients with signs of residual ischemia than in those without signs of residual ischemia in the positive mismatch group (P < 0.05).
The mean values of HF and the LF/HF ratio measured every hour for 24 hours are shown in Figure 3 . HF was significantly lower in the positive mismatch group than in the negative mismatch group (89.8 ± 94.4 msec 2 versus 190.3 ± 174.4 msec 2 , P < 0.001). In contrast, the LF/HF ratio was significantly higher in the positive mismatch group than in the negative mismatch group (3.9 ± 3.6 versus 3.0 ± 2.0, P < 0.001). As shown in Table IV , mean HF measured every hour for 24 hours was significantly lower in patients with signs of residual ischemia than in those without signs of residual ischemia in the positive mismatch group (P < 0.05). However, there were no significant differences between the positive mismatch groups with and without signs of residual ischemia in the LF/HF ratio measured every hour for 24 hours. Mean HF measured every hour for 24 hours and 5 hours in those with signs of residual ischemia was significantly lower in the positive mismatch group than in the negative mismatch group (P < 0.01 for 24 hours, P < 0.02 for 5 hours (nighttime), respectively). Furthermore, there were no significant differences between patients without signs of residual ischemia in the positive mismatch group and those with signs of residual ischemia in the negative mismatch group in the mean HF measured every hour for 24 hours and 5 hours.
There were no differences between patients with and without signs of residual ischemia in the negative mismatch group in the LF/HF ratio measured every hour 24 hours and 5 hours. Figure 4 shows the changes in HF each hour over a 24-hour period. While the values were high at nighttime and low during the day in both groups, HF was lower in the positive mismatch group than in the negative mismatch group at all times. The daily profile of the circadian rhythm for HF was significantly lower in the positive mismatch group than in the negative mismatch group, and a significant difference between the groups was observed (P < 0.02).
The changes in the LF/HF ratio are shown in Figure 5 . In both groups, the ratio was high during the day and tended to decrease in the evening, however, the elevation from nighttime until the morning was more marked in the positive mismatch group compared to the negative mismatch group. Also, although the LF/ HF ratio was higher at all times in the positive mismatch group than in the negative mismatch group, no significant difference in the changes of the LF/HF ratio between the groups was observed. In both groups, the LF/HF ratio was high during the day and tended to decrease in the evening, however, the elevation from nighttime until the morning was more marked in the positive mismatch group compared to the negative mismatch group. Mismatch(+) indicates positive mismatch group; Mismatch(-), negative mismatch group; HF, high frequency; and LF, low frequency.
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DISCUSSION
The incidences of clinical signs suggesting residual ischemia were significantly greater in the positive than in the negative mismatch group. Mean values of HF for the 24-hour and 5-hour nocturnal periods in the positive mismatch group were significantly lower than those in the negative mismatch group. Moreover, mean values of HF for the 24-hour and nocturnal periods in patients with signs of residual ischemia were both significantly lower than in those without signs of residual ischemia in the positive mismatch group. The mean LF/HF ratio for both the 24-hour and nocturnal periods in the positive mismatch group were significantly higher than those in the negative mismatch group. The daily profile of hourly HF measurement was significantly lower in the positive mismatch group than in the negative mismatch group. On the other hand, there were no significant differences between the patients with signs of residual ischemia in the negative mismatch group and those without signs of residual ischemia in the positive and negative mismatch group with regard to the mean values of HF and the LF/HF ratio measured every hour for 24 hours and 5 hours. These results would appear to suggest that the decrease in heart rate variability in the positive mismatch group is closely related to residual myocardial ischemia in myocardial infarction patients.
Mismatches in which the 123 I-BMIPP myocardial SPECT defect is larger than the 201 Tl myocardial SPECT defect are often seen in patients with unstable angina or patients with myocardial infarction who have undergone reperfusion therapy early after acute myocardial infarction and show stunned or hibernating myocardium. [8] [9] [10] [11] This also reflects a state brought about by continuing fatty acid metabolism impairment mainly due to persistent myocardial ischemia or memory imaging. 9, 11) It has been suggested that these mechanisms are due to severe culprit lesions and infarct-related artery occlusion or stenosis, and a sustained tissuelevel perfusion injury and impaired myocardial reperfusion of the microvascular level in patients with no significant coronary artery stenosis. 12, 13) A multicenter collaborative study conducted by Nishimura, et al 14) showed that 123 I- BMIPP and 201 TI myocardial SPECT were clinically useful in determining prognosis and left ventricular function, and that the probability of recurrent ischemia tended to be high in patients with a large mismatch score between 123 I- BMIPP and 201 Tl in the subacute to chronic phase. It is reported that the improvement of perfusion metabolism mismatch in acute myocardial infarction may reflect subsequent recovery from the postischemic wall motion abnormality in metabolically impaired but viable myocardium after coronary reperfusion. 11, 15) Autonomic function was measured in the present study using power spectra obtained by frequency analysis using FFT. HF decreases in ischemic heart dis-ease, 16) congestive heart failure, 17) physical inactivity, 18) respiratory distress, 19) left ventricular hypertrophy, 20) and aging, 21) and it has been reported that HF increases due to β-blocker and angiotensin-converting enzyme inhibitor administration, and the administration of some calcium antagonists. 22, 23) Pitzalis, et al 24) suggested that in the very early phase of myocardial infarction, heart rate variability in anterior and inferior sites was different and that during the first hours of myocardial infarction, patients with an inferior site showed greater vagal activity than patients with an anterior site, and that the recovery of heart rate variability is an early phenomenon in both sites of infarction, being already evident by the second week after the infarction. Holter monitoring in the present study was conducted 3 weeks after the onset of infarction. Therefore, it is believed that the influence of the infarction site had minimal influence on HF and the LF/HF ratio.
Reperfusion therapy improves autonomic function impairment and it has been reported that the HF of patients with coronary artery obstruction is lower than that of patients with a patent coronary artery. 25) Cerati, et al 26) examined the relationship between heart rate variability and residual ischemia detected by exercise stress testing and dipyridamole stress echocardiography in first myocardial infarction patients after the onset of the myocardial infarction and reported that not only did the presence of residual myocardial ischemia reduce heart rate variability, but also that the reduction in heart rate variability was related to a poor prognosis for the myocardial infarction.
However, there has hitherto been no report on the relationship between the presence or absence of a perfusion metabolism mismatch and autonomic function.
According to Huikuri, et al, 27) the HF spectral component had a significant circadian rhythm in healthy subjects, with higher values during sleep. The LF/HF ratio also showed a significant circadian rhythm in healthy subjects, with higher values during the daytime. On the other hand, no significant circadian rhythms of the heart rate variability were observed in the patients with coronary artery disease. Therefore, the mean values of heart rate variability for the sleeping hours (midnight to 5 AM) were used to estimate the presence or absence of residual myocardial ischemia in the positive and negative mismatch groups.
The results of the present study suggest that the combination of positive mismatch with signs of residual ischemia and decreased heart rate variability was equivalent to the detection of residual ischemia. On the other hand, heart rate variability improved in patients without signs of residual ischemia despite a positive mismatch. This finding indicates the presence of viable stunned myocardium. Therefore, it is suggested that the positive mismatch with or without signs of residual ischemia may have different pathophysiologic implications. However, in the present study, we were unable to state definitely whether, in 5 patients without signs of residual ischemia out of 20 with positive mismatches, these mechanisms were closely related to a low reflow phenomenon at the level of microcirculation or memory imaging because myocardial contrast echocardiography, dobutamine stress echocardiography, positron emission tomography, magnetic resonance imaging, and coronary blood flow velocity pattern using Doppler guidewire were not performed. [28] [29] [30] [31] Moreover, signs of residual myocardial ischemia were observed in 7 patients in the negative mismatch group. The mean HF measured every hour for 24 and 5 hours was significantly lower in patients with signs of residual ischemia in the positive mismatch group than in those with signs of residual ischemia in the negative mismatch group, but there were no significant differences between the patients with signs of residual ischemia in the negative mismatch group and those without signs of residual ischemia in the positive and negative mismatch groups. However, it cannot be denied that the residual myocardial ischemia was present even in patients with a negative mismatch in 123 I- BMIPP and 201 Tl myocardial SPECT because it was possible that these patients were unable to fulfill the criteria of the positive mismatch in the present study. Accordingly, it may be said that the area of the mismatch between 123 I- BMIPP and 201 Tl myocardial SPECT was smaller in the negative mismatch group than in the positive mismatch group, suggesting that the extent of residual ischemia was less severe in the negative mismatch group than in the positive mismatch group.
It is concluded that the findings of a mismatch on 123 I- BMIPP and 201 Tl myocardial SPECT 3 weeks after a first acute myocardial infarction with uncomplicated moderate or severe heart failure and decreased heart rate variability are related to residual myocardial ischemia. A combined assessment of heart rate variability in 24-hour Holter ECG monitoring and perfusion-metabolism mismatch in 123 I- BMIPP and 201 Tl myocardial SPECT is useful for determining residual myocardial ischemia in the follow-up of those with acute myocardial infarction. Study limitations: The limitations of the study are that the number of patients was relatively small and a long-term study is needed to elucidate the relationship between 123 I- BMIPP and 201 Tl mismatch, decreased heart rate variability, and residual myocardial ischemia as a predictor for cardiac events. Although dobutamine stress echocardiography was a useful method for predicting functional recovery after myocardial infarction, we could not evaluate myocardial viability in dysfunctional areas with or without ischemia because this test was not performed in this study. There is also the possibility of residual myocardial ischemia in 7 patients with signs of residual ischemia in the negative mismatch group. To solve this problem, the severity of residual myocardial ischemia needs to be eval-
